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ZWITTERIONIC METALLOCYCLES 

FIELD OF THE INVENTION 
The lnven«on relates to a new Cass of zwitteriomo 
^eUlocdes. A posiSvely charged Group 4-10 transition n,e.a ,s 
Chelated to two heteroatoms and one of the heteroatoms has a 
:rLn.bea,ln,anega«vecharge. The zwlttehonlc n,etalloc,c,e ,s 

useful for olefin polymerizations. 

BACKGROUND OF THE INVENTION 
While Zlegler-Natta catalysts are a mainstay for polyolefn 

manufacture, slngle^lte (metallocene and "o--'^''--;' f^ot 
represent the industrv's future. These catalysts are often mo^ 
72. than Zlegler-Natta catalysts, and they produce polyrners * 
improved physical properties. These catalysts are typ,cal,y fo med by 

lc«ng an o„anometalllc complex with an ac^vator to produ^ an 

Le catalyst wherein the metal develops a posl«ve charge and the 

activator develops a negative charge. 

Because of the many uses of metallocenes, there has been 

some effort to develop zwitterlonlc systems wherein bo«, the pos,t,ve 

and negative charges are in the same compound. 

Metallocycles have been prepared where the negative-charged 

subsUtuent is part of the metallocyde ring such as in the structure: 



PhzB 




described by Peters et al. (XManvSo^ m (2002) 6272 and i 
copolymerizations with carbon monoxide. 



,„ Qrganoffleafcs 22 (2003) 1603. zwitterionic zi.ccnium 
complexes were used .o polymerize e^ylene. These complexes have 
the structure: 




wim the negative-Charged substitueht (a tetravalen. aluminum 
rmpoTnd, 1 heing attached to the metailocyCe a. either ot the 

""'"^;:r— nic compounds, where the negatlve-charged 
su^«ueht IS at^ohed to the metaliocycie at a po,nt other than a, one 
o, «,e heteroatoms chelated to the metal, and their use ,n ethylene 

polymerizations include: 



B(C6F5)3 




as 



reported in XAnvCham^ 122 (2000) 1830 and: 



(C6F5)3B 




3. reported in UmSSM^ IS P™^> 

^POOD 6426 and QBa3an«21-(^°''^> 30^2 and: 



B(C6F6)3 
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^ rvf thP heteroatoms of the 
negative charge attached to one of the 

metallocycle. 

SUMMARY OF THE INVENTION 

■ nf.nn is a zwitterionic metallocycle useful for 
The invention is a ^.wiuci 

r ::::: r« = neU .a^e .a^es .no 
prox,m,.V ofmesubs« ^^^^^^^^^ ^^,^„„g 

zwittenonic form versus heteroatoms has a 

— so,,es. ^. ^J'^ o^ tZnZ..^s...e. 

olefin polymerizations. 

DETAILED DESCRIPTION OF THE INVENTION 
Tne inltlon Is a zwltterlonlo metallocyde. The metallocycle 
i Group 4-10 .ransiSon metal chelated to two heteroatoms 
::::: r s are each attached to a llnKIn, .o.p and 

:::nhe heteroatoms has a suhs«uent Pearlng a negafve charge. 
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Ti 7r Mi and Pt. The two 
Preferred transition metals are Ti. Zr. N. and v 

negative charge. Preferably y ^^^^^ 

or^H from alkvl aluminum compounds, 
prepared from aiKyi diu metallocvcle has some 

Rv, "zwitterionic" we mean that the metaiiocyc 

rrr:.':::-.-. 

! toL The substituent bearing the negative charge .s 
of the heteroatoms. The sudsi metallocvcle because 

The atom of *e subs«uen. .hat bears the negative charge .ay 

Suitable structures that have me o 
Charge directly bohded to the heteroatom ihclude: 




BPha 



CH2CH3 




\/ 

-Al - 



CH3 
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suitable structures that have the atom bearing the negative 
charge separated by one or more atoms from the heteroatom include: 




B{C6H5)3 



CH3 

'N^ CH3 

I / 



"~AI.., 



^'"/CH3 
CH3 




CH2CH3 



H3CH2C 



j ^CHzCHa 



Unsuitable structures, with the substituent bearing the negative 
Charge attached at one of the other positions of the metallocycle 
include: 



10 




,CH3 



Ph2 



-CH3 



,PPh2 



B{C6F5)3 




CH3 
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The two heteroatoms are each attached to a linking group to 
form a metallocycle. Preferably, the linking group comprises two 
substituted or unsubstituted sp^-hybndized carbon atoms to form a 5- 
membered metallocycle. 
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preferred me.a»ocyc,es o, .he invention have .he folicwng 
general structure: 



20 




wherein M is a Gn^up 4-10 ,rans,.ion ™.a, beanng a u» o part, 
posi.ive Charge, G is a iinKing group .o forn, a n,e.a,iocvc,e, eaoh X 
■ndependenUy seieCed ,ro. me group consis^ng of ^■^ "J^"^^ 
each R. is independenUy selected from me group oons,s.,ng of C-C. 
each IS I 0 1 R, contains an atom beanng a 

hvdrooatbyl, m is 0, 1 or 2, n is u or i , i^i ..„„„„,= 
M or parta, negative charge selected from me group consisting o B. 
A Sn^^ Sb. L is independency selected from the group consis.ng 
:;,de, a,K0.. siloxy. aiKylamino, and C-C. ^^^^ 
sa^es me valence o, M. Preferably, G -P"- ''^te; 
u„subs«u,ed sp^-hybridlzed carbon atoms to form 
^etaiiocycle. if an sp=-hybndized carbon is present. . e — n c 
lu„oJ;.e may be too stable and not as reacUve in olefin 

■"'Crpreferred metaliocycle has the general structure: 



t 

R3 ' 



'm- — Ly 



Wherein M, X, L, R„ R. and y are as defined abov. each R, is 
independently selected from me group consisting of H and C-C. 
hydrocarbyl andmisOorl. 
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preferred metallocyole has the general stmcture: 



Another 

(R2)n 




V , R R, h ahd y are as defined above and each R3 is 
wherein M X, L. R,, Rs. n. an 1 ^„„,.„.„ of H and C-Cao 

independency selected from the group consisting 

''*°tr «ltterlon,o metallocyCes can he made hy several 

.ethodrOheconvenlentme.od.~.n^ 

„ contact a llgand precursor containing h two e er ^^^^^^^ 

.„ a llnKlng group .1. a — ^ J^^^^^^^,^, 

°7::::rj:::^^^^-^ nas ngands .en as 

The transition metal ^^^^p,^^ 
...eordlalMam^^^^^^^^^^^^ 

halides (e.g.. TiCU. N1U2. 4;. - contacted with an 

oentactWiththeligandprecursor >eme*c^^^^ ^^^^^ ^ 

*yl aluminum, alKyl boron, , J^^ ^IKylate 

single step. , 3 support such 

The zwitterionic metallocyole can be used w 

as silica, alumina, t«anla, or the li.e. Silica P--ed^ - 

,s preferably treated --;''—r yr roups. Thermal 

reduce the — support in a dry 

.eatment ^'^^^^^^^ ^^^^^ preferably greater than about 
atmosphere at elevated lemp .^^ 

100°C. and more preferably from ^^^^\2^^1\e used, including 
use. A variety of different chemical treatments can 



'^"^T.e —.0 .eta^ocvce . pa*u,a.y va.ua.e ,o. 

Tc C o a-o,ef,ns are especially preferred. The metanocyCes can 
yn^erize o,ef,ns wl. polar .ono^ers s.c. as carbon 
lo ox^I vinyl sllanes, vinyl acetates, acryla.es and maleic 
r:;!:. Jen a .on^er ,s used, preferaPly ethylene ,s 
copolymerized with the polar monomer. 

Curs'ctlou. .OS. preferred ,s ran,e from 

rreO^ L louM^«C. Olefin pa.al pressures normally ran.e 
M MPa .0 a.ou. 3S0 MPa. More preferred ,s .he ran,e 

ruoTllar: — . .ed . con.nc.,on ..h .he 
llcy^e. S..a.e ac„va.ors are well .nc.n In .he a. 
Examples include alumoxanes (methyl alumoxane (MAO). PMAa 
!rrmoxane, dllsobuty, alunroxane). alMaLminun, compounds 
ethyl alumoxan ,nmethylalum,num, 
(trlethylaluminum. diethyl aU.m n ^^^^^^^ 
trtlsobutyl alumihum). and the like SuitaPI 

«r'l: tLKLpehta^uorophenyDPorate, llth.um 
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tetrakis(pentafluorophenyl)aluminate. anilinium tetrakis(pentafluoro- 
phenyDborate. and the like. Suitable activators also include 
organoboranes. which include boron and one or more alkyl. aryl, or 
aralkyi groups. Suitable activators include substituted and 
unsubstituted trialkyl and triarylboranes such as tns(penta- 
fluorophenyDborane. triphenylborane. tri-n-octylborane, and the like. 
These and other suitable boron-containing activators are descnbed .n 
U S Pat Nos. 5.153.157. 5,198.401. and 5.241.025, the teachings of 
Which are incorporated herein by reference. Suitable activators also 
include aluminoboronates-reaction products of alkyl aluminum 
compounds and organoboronic acids-as described in U.S. Pat. Nos^ 
5,414.180 and 5.648.440. the teachings of which are incorporated 

herein by reference. 

The optimum amount of activator needed relative to the amount 
of metallocycle complex depends on many factors, including the 
nature of the complex and activator, the desired reaction rate, the kind 
of polyolefin product, the reaction conditions, and other factors. 
Generally, however, when the activator is an alumoxane or an alkyl 
aluminum compound, the amount used will be within the range of 
about 0 01 to about 5000 moles, preferably from about 10 to about 
500 moles, and more preferably from about 10 to about 200 moles, of 
aluminum per mole of transition metal, M. When the activator is an 
organoborane or an ionic borate or aluminate, the amount used will be 
Within the range of about 0.01 to about 5000 moles, preferably from 
about 0.1 to about 500 moles, of activator per mole of M. The 
activator can be combined with the complex and added to the reactor 
as a mixture, or the components can be added to the reactor 

separately. . ^. 

Metallocycle concentrations used for the olefin polymerization 
depend on many factors. Preferably, however, the concentration 
ranges from about 0.01 micromoles per liter to about 100 micromoles 
per liter Polymerization times depend on the type of process, the 
catalyst concentration, and other factors. Generally, polymerizations 
are complete within several seconds to several hours. 
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The following examples merely illustrate the inventior,. Those 
sKilled in the art vili recognize many variations that are within the sp,n. 
of the Invention and scope of the claims. 

EXAMPLE 1 
Preparation of Zwitterionic Metallocycle 
To a stirring slurry of 1.30 g (0.01 mole) anhydrous NiCi. ,n 50 
mU of hexane, 1.58 g (0.01 mole) 8-(methylamino)quinolina Is added 
,„ portions over a peHod of twenty minutes. The mixture is a owed to 
s«r overnight and 50 mL (0.1 mole) of .rimethyl alum,num (2^0 M .n 
hexana) is added over a period of 30 minutes. The expected acUve 
component is: 



which is used "as is." 



EXAIVIPLE 2 
Ethylene Polymerization 
A one-liter, stainless-steel reactor is charged with toluene (500 
„U The reactor is charged with ethylene to 2.4 MPa, and the 
Jtents are heated to 70=0. An aliquot o, the hexane ™x.u. 
(containing 2.0 mg of complex) from Example 1 ,s ,n,ec.ed ,n o the 
reactor to start the polymerizaUon. Ethylene is supplied on demand to 
Keep the reactor pressure constant at 2.4 MPa. After about , hour, 
me eactor is vented to recover polyethylene as the expected product. 
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EXAMPLE 3 
Preparation of Zwitterionic Metaliocycle 
To a stirring slurry of 1.30 g (0.01 mole) anhydrous NiCl2 in 50 
mL of hexane, 0.86 g (0.01 mole) N-methyl-N'-hydroxyethanebisim.ne 
is added in portions over a period of twenty minutes. The mixture is 
allowed to stir overnight and 50 mL (0.1 mole) of trimethyl aluminum 
(2.0 M in hexane) is added over a period of 30 minutes. The expected 
active component is: 

















\CH3 


1 










CH3 



which is used "as is " 



EXAMPLE 4 
Ethylene Polymerization 
A one-liter, stainless-steel reactor is charged with toluene (500 
mL) The reactor is charged with ethylene to 2.4 MPa, and the 
contents are heated to 70°C. An aliquot of the hexane mixture 
(containing 2.0 mg of complex) from Example 3 is injected .nto the 
reactor to start the polymerization. Ethylene is supplied on demand to 
keep the reactor pressure constant at 2.4 MPa. After about 1 hour, 
the reactor is vented to recover polyethylene as the expected product. 

MOLECULAR MODELING STUDY 
Additional evidence for the suitability of metallocycles as 
catalysts comes from molecular modeling studies. We make two 
calculations. The first is to see whether the neutral form or the 
zwitterion form is preferred. The more the zwitterion form is preferred, 
the higher the concentration of catalytically active sites. The second 
calculation is to look at the interaction of the zwitterion with ethylene to 



II 



form a pi-complex. The zwitterion should be stable enough to be 
preferred versus the neutral form yet not so stable that it fails to react 
with ethylene. All calculations are performed with complete geometry 
optimization using the DFT model B3LYP with the LACVP- 
pseudopotential basis set as incorporated into the TITAN™ software 
package. We initially perform calculations with the complex from 
Example 1 . 



CH3 




CH3 



CH3 
'Al ' \ 

I' 



-CH3 




B 



The calculations (DFT, B3LYP) indicate that the polanzed 
(zwitterionic) species (B) involving a bridging methyl group .s 
energetically more favorable than structure (A), resulting in a high 
concentration of catalytically active sites. 

The zwitterion has an exothermic interaction of the metal center 
with ethylene resulting in formation of a pi-complex, which .s 
considered to be a rate-limiting step in the polymerization process. 
The calculated pi-complexation energy is -4 kcal/mol. indicating that .t 

is a favorable reaction step. 

The complex from Example 3 is also studied. The calculations 
(DFT B3LYP) indicate that the polarized (zwitterionic) spec.es 
involving a bridging methyl group is the energetically favored structure, 
resulting in a high concentration of catalytically active sites. The 
calculated pi-complexation energy is -6 kcal/mol. indicating that .t .s a 
favorable reaction step. 
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For comparat^e purposes, caloulations are performed on other 
complexes where neither o. .he he.eroa,oms o, me metaaocyCe 
contains a substituent bearing a negative charge. 



CH3 



.N^ .CH3 



O CH3 

H3C / 




Oo.„p»a«»e complex A Compa-a«.e Complex B 

Comparat^e Complex A is similar in structure to the complex 
,.m Example 3, but the negative charge cannot 
attached to one of the heteroatoms. This turns out to be a cnt cal 
dwloe. The calculated (OFT, B3UVP) s.abili.a«on 0, the ,nac e 
Ll system is 4 KcaUmol. In other words, the -ergv .a. o, ^ 
zwitterion is 4 kcal/mol higher than the neutral form. Th,s md,cates 
t^ polarized (»it.er,onic) species is energetically favored 
. the neutral fon., resu.ng in a low concentrate 0 
r «ly«ca,,y ao«ve sites. For Comparative Complex B, the calculate 
PFT B3LVP, stabilization of the inactive neutral system is 9 Kca mo 
This indicates mat me polarized (zwitterionic, species is anergefcally 
rivored (9 Kcaumol higher energy than the neutral form,, resu.ng 
in a low concentration of catalytically active sites. 

Ca,cu,a«ons are also performed on Complex C, wh.ch .ncludes 
an sp'-hybridized carbon as part of me linking group forming the 
metallocycle. 
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CH3 



^ ^CH3 



H3C ^'''n^ 
H3C CH3 

Complex C 



The calculations (DFT, B3LYP) indicate that the polarized 
(zwitterionic) species is the energetically favored structure, resulting .n 
a high concentration of catalytically active sites. However, the 
calculated pi-complexation energy with ethylene is 4 kcal/mol. 
indicating that Complex C is overly stabilized and that it is preferable 
for the linking group to contain sp' carbons. 

The modeling data shows that metallocycles with a heteroatom 
having a substituent capable of bearing a negative charge favor 
formation of the zwitterion. Since it is the zwitterion that complexes 
v^ith the olefin, these metallocycles should be more catalytically active. 
The data also show that zwitterionic metallocycles of the invention 
have favorable pi-complexation energies, indicating this as a favorable 
reaction step. 

The preceding examples are meant only as illustrations. The 
following claims define the invention. 
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